Fifty-two magnetic white dwarfs have been identified in spectroscopic observations from the Sloan Digital Sky Survey (SDSS) obtained between mid-2002 and the end of 2004, including Data Releases 2 and 3. Though not as numerous nor as diverse as the discoveries from the first Data Release, the collection exhibits polar field strengths ranging from 1.5 MG to ∼1000 MG, and includes two new unusual atomic DQA examples, a molecular DQ, and five stars that show hydrogen in fields above 500 MG. The highest-field example, SDSS J2346+3853, may be the most strongly magnetic white dwarf yet discovered. Analysis of the photometric data indicates that the magnetic sample spans the same temperature range as for nonmagnetic white dwarfs from the SDSS, and support is found for previous claims that magnetic white dwarfs tend to have larger masses than their nonmagnetic counterparts. A glaring exception to this trend is the apparently low-gravity object SDSS J0933+1022, which may have a history involving a close binary companion.
Introduction
In October 2004, the release of the third installment from the Sloan Digital Sky Survey (SDSS DR3) brought the database current through June 2003, with images to g > 22 for nearly 5300 square degrees of the sky and fiber spectroscopy for selected targets over almost 4200 square degrees (Abazajian et al. 2004; . Though designed principally to probe the extragalactic universe, the survey is providing a wealth of information on stellar populations both on and off the main sequence, as well as an effective discovery tool for stellar objects such as accretion binaries, brown dwarfs, and other classes of unusual stars. In this paper we focus on the magnetic white dwarfs in the SDSS database.
The study of magnetic white dwarfs is important not only because it is possible to detect magnetism in this stage over nearly 6 orders of magnitude in strength, but it is generally thought that the fields on white dwarfs are amplified versions of what pervaded the main sequence progenitors. Magnetic white dwarfs may therefore prove to be critical in understanding the role(s) of magnetism in earlier phases of stellar evolution, and provide a clue to the reason behind the essentially universal presence of magnetic fields on neutron stars. Finally, magnetic white dwarfs provide our only means of empirically studying the effects of fields B 10 MG on atomic and molecular emission processes. Indeed, in virtually all cases, observational discovery of magnetically shifted features on white dwarfs has preceded the calculations that explain the splitting. provide an excellent review of the state of field in the pre-SDSS era and amplify on the relevance to broader questions of astrophysics.
The first paper in a series reporting the identification of isolated (non-accreting) magnetic white dwarfs from the SDSS (Schmidt et al. 2003 , hereafter Paper I) presented 53 new stars through the first data release (DR1), with magnetic fields in the range 1.5 < B p < 560 MG (MG = 10 6 G). That list nearly doubled the previously known sample of magnetic white dwarfs and included 3 new magnetic DB (helium feature) stars as well as several with exotic/unknown atmospheric compositions. The current paper reports an additional 52 discoveries from survey data available through the end of 2004, including both DR2 and DR3.
Observational Data
The SDSS is compiling an enormous imaging and spectroscopic data set for selected regions of the northern sky using a special-purpose 2.5 m telescope at Apache Pt., New Mexico (e.g., Fukugita et al. 1996; Gunn et al. 1998; Lupton et al. 1999; York et al. 2000; Lupton et al. 2001; Pier et al. 2003) . Magnetic white dwarfs are recognized in the spectroscopic database, which targets objects selected from deep, 5-color (u, g, r, i, z) images (Hogg et al. 2001; Smith et al. 2002; Ivezic et al. 2004) . Spectroscopic target selection is optimized for QSOs and galaxies, and utilizes complex color criteria that have evolved somewhat over time. This and the highly unusual spectra of strongly magnetic white dwarfs imply that candidate spectra might be found in several target classes. Indeed, based on their photometric colors, the objects reported here were generally selected as QSO (∼40%) or HOT STD (∼20%), with the remainder sprinkled among STAR WHITE DWARF, STAR BHB, and other categories lying off the stellar locus such as SERENDIPITY BLUE and SERENDIPITY DISTANT (see Stoughton et al. 2002 for target category descriptions). The spectroscopy is performed with twin dual-beam spectrographs covering the regions 3900 − 6200Å and 5800 − 9200Å and providing a resolving power (λ/dλ ∼ 1800) sufficient to detect a Zeeman triplet at Hα for B 1.5 MG.
Additional optical spectroscopy and spectropolarimetry were obtained during the period Feb.−Dec. 2004 for several unusual and questionable targets. These observations utilized the instrument SPOL (Schmidt et al. 1992) attached to the Steward Observatory 2.3 m Bok telescope on Kitt Peak and the 6.5 m MMT atop Mt. Hopkins. In the configuration used, they provide a spectral coverage of ∼λλ4200 − 8400 and resolution ∼15Å. Details of the observing rationale can be found in Paper I.
Spectroscopic Identification
For Paper I, the recognition of magnetic objects among the many thousands of survey spectra was carried out by eye, searching among a variety of target categories of stars and unusual objects. Additional candidate magnetic objects were contributed by workers in other areas of SDSS research. With subjective inspection playing such a central role, questions of completeness arose, questions that were evaluated in part by cross-referencing the SDSS discoveries with previously-known magnetic white dwarfs in surveyed portions of the sky.
Beginning with this edition, the strictly visual identification process was augmented by an automated process originally developed to compile the SDSS DR3 white dwarf catalog (Eisenstein et al. 2005) . While that catalog was not specifically designed to find magnetic white dwarfs, it recovered a reasonable number of examples. Briefly, the automated procedure begins with a color cut in u − g and g − r for point sources that have spectra not confidently classified as extragalactic by the SDSS automated software. The spectra and photometry are then fit to a temperature and surface gravity grid of (non-magnetic) pure hydrogen and helium white dwarf atmosphere spectra using the autofit program (Klein-man et al. 2004) . Deviations from the best-fitting model are computed for a variety of lines, including Ca II λ3933, He I λ4471, He II λ4686, Hβ, Mg Ib λ5184, Hα, and the (1−0) C 2 Swan band near 5165Å. Stars that present statistically significant deviations at these wavelengths or fail one of a number of other quality assurance tests, such as an acceptable value for the overall reduced χ 2 , are flagged for visual inspection. Stars with moderate to strong fields tend to trigger inspections either because of poor overall fits or because of the above line tests. Weak magnetic fields (conservatively, those with B 3 MG, depending on object brightness) may not perturb the spectra enough for the automated classifier to detect the deviation; they remain among the non-magnetic DA and DB lists and require visual recognition for discovery. We emphasize that in no case does the automated process classify a star as magnetic; rather a spectrum is simply indicated for future visual examination. Furthermore, the automated procedure only contributes to the eventual catalog of magnetic stars; more than half of the discoveries reported here originated from visual assessment of survey spectra, an effort that is continuously under way.
Results

Atmospheric Composition and Field Strength
All but one of the 52 magnetic white dwarfs found in the SDSS database since Paper I show hydrogen features, as listed in Table 1 . Fifty are apparently strictly DAs, two are DQAs showing additional lines of atomic carbon, and one shows molecular carbon features probably related to LHS 2229 and SDSS J1333+0016 (Paper I)
1 . The full SDSS coordinate designation (hhmmss.ss ± ddmmss.s, J2000) is provided in Table 1 , though stars are abbreviated by the first four digits of each coordinate in the following text and figures. The table also contains the Plate-MJD-Fiber spectroscopic identifier, International Atomic Time (TAI) date and time of the midpoint of the spectroscopic observation, and comments regarding spectral appearance, data release of the fiber spectrum, followup polarimetry, aliases, etc. Polar field strengths have been determined by visual comparison to model magnetic spectra as described in Paper I. To be consistent, a centered dipole has been assumed for the field structure, even in cases where the fits are obviously not well-represented by this morphology, and the inclination represents the viewing angle relative to the dipole axis, with a typical uncertainty of 30
• . Uncertainties in the inclination are larger for very faint or weak-line objects, and inclinations are not quoted at all for fields 500 MG, where the often very smeared spectra reduce the number of points of detailed comparison.
Derived polar field strengths for the best-fitting dipole range from 1.5 MG to ∼1000 MG, and quoted values can generally be considered accurate to better than 10%. The current list is distinguished by no less than 5 examples with hydrogen features at B p > 500 MG: SDSS J0021+1502 (550 MG); SDSS J1351+5419 (760 MG); SDSS J1206+0813 (∼830 MG); SDSS J1003+0538 (900 MG), and SDSS J2346+3853 (1000 MG). The latter star rivals PG 1031+234 (Schmidt et al. 1986 ) for the highest field strength yet detected on a white dwarf. SDSS J1351+5419 is a rediscovery of a previously-known magnetic star from the Second Byurakan objective-prism QSO survey (Liebert et al. 1994) . Spectra of the new high-field DAs comprise an instructive progression with field strength, as shown in Figure  1 . For B p 400 MG, persistent lines appear at ∼4200Å and 4550Å, formed at nearstationary points of the Hβ transitions 2s0 to 4f 0 and 2s0 to 4f −1, respectively. Other distinctive features at high fields are the pair of Hα components (2s0 to 3p0 and 2p−1 to 3d−2) that slowly cross in the region ∼6000 − 7000Å, and the stationary 2p0 to 3d−1 component of Hα at ∼8500Å can be recognized in the brighter stars.
The existence of strong magnetic fields on SDSS J2346+3853, SDSS J0021+1502, and SDSS J1206+0813 was confirmed through circular (and in the former case linear) spectropolarimetry. At such strong fields, polarization is more a property of the continuum than the lines (e.g., Schmidt et al. 1996) , so the polarization spectra are not highly structured, and the values entered in Table 1 are averages over the range λλ4200 − 8400. The modest polarization of SDSS J2346+3853, when compared with other very strongly magnetic DA white dwarfs like PG 1031+234 (Schmidt et al. 1986 ), Grw +70
• 8247 (Angel et al. 1985) , or SDSS J2247+1456 (Paper I), suggests that the field morphology on the new star may be unusually tangled.
Spectra of the two magnetic DQA stars are presented in Figure 2 . SDSS J0236−0808 was observed as part of DR1 but was not recognized as magnetic in Paper I. The object is faint, the line splitting is only partially resolved at B p = 5 MG, and the presence of carbon features probably confused the visual identification. The rather weak magnetic field is consistent with an overall lack of circular polarization (v = V /I < 0.1%). SDSS J1328+5908 was included among the 18 carbon-feature white dwarfs discovered in the SDSS through 2003 (Liebert et al. 2003b ). Here we point out that the hydrogen lines appear as clear Zeeman triplets in a modest magnetic field, as indicated in the figure for B = 8.5 MG. The spectra of C I and C II have not yet been calculated in the Paschen-Back regime, but at this field strength the transitions can be assumed to resemble normal triplets, with any given ensemble possibly somewhat skewed and displaced to the blue by the quadratic Zeeman effect. The π components of these features would be expected to line up near zero-field wavelengths, and indeed there is a good correspondence between several of the observed features and the principal lines observed in atomic DQ white dwarfs (marked in Fig. 2 , as taken from Liebert et al. 2003b ).
SDSS J0954+0913 is an interesting example of a white dwarf dominated by molecular absorption that may represent a "transition" object between normal (C 2 ) DQ stars and the "peculiar" DQs discussed by Schmidt et al. (1995) (Bues 1999) for the displaced and distorted bands in LP 790-29 (and SDSS J1113+0146) might be called into question, since these lack the "scalloped" appearance of the former stars. The spectrum-added circular polarization for SDSS J0954+0913, obtained from the same MMT spectropolarimetric data, is v = −0.93%. This is significant but less in magnitude than the −3.8% found for LHS 2229. The polarization within the bands approaches +20% in the latter object, but no such increase is seen in SDSS J0954+0913. If, as has been suggested, LHS 2229 has a surface magnetic field of ∼100 MG, it would appear that the value on SDSS J0954+0913 is substantially less.
Three additional objects whose survey spectra are displayed in Figure 4 deserve mention here. SDSS J1007+1237 exhibits clear Zeeman patterns in its Balmer series, but the structure in at least Hα and Hβ is more complex than the model spectra predict for a polar field strength of ∼7 MG. The spectral energy distribution is also very odd, suggesting either a calibration mismatch between the blue and red spectrograph channels or a broad depression extending from ∼5800Å to at least Hα. Spectropolarimetric observations are planned of this faint target to investigate whether it might be a magnetic white dwarf pair or a single star with very complex field structure. The second star, SDSS J1234+1248, also shows Zeeman triplets in a field of ∼7 MG, but the π components are both unusually sharp and considerably deeper than the models predict; indeed deeper than any other low-field DA in the sample. Possible interpretations include a magnetic/nonmagnetic DA pair (DAH+DA), or once again a distinctly nondipolar field geometry. In this case a large portion of the star would be covered by very weak magnetic field ( 1 MG). An example of analogous field structure at a somewhat weaker strength is WD 1953−011 (Maxted et al. 2000) . Finally, SDSS J9044+5321 presents a challenge. The Balmer lines are seen at their rest wavelengths, however other features are clearly visible in the spectrum. This is strong evidence of a binary system. Attempt to match the additional lines with DQ or DB features have been unsuccessful. A magnetic DA model with a polar field near 53 MG will cause the π component of Hα to shift enough to match up with the blue wing on the observed profile but the model is unable to reproduce the features seen in the Hβ region. Followup observations are needed to determine the true nature of this system.
Photometry and Stellar Parameters
In Table 2 we collect the psfmag photometry of the new magnetic stars from survey imaging data. The final column contains a temperature estimate derived from a comparison of a star's observed colors (primarily u−g and g −r) to those computed from spectral models for nonmagnetic DA white dwarfs with various values of log g by Bergeron et al. (1995) . No temperature is listed for SDSS J0954+0913 because the optical spectral energy distribution is strongly affected by the deep molecular bands. For SDSS J1508+3945, the photometry led to inconsistent temperature estimates among the colors; indeed the psfmag values do not track the fiber spectrum and differ by up to 0.6 mag from the "fiber" magnitudes. In this case the quoted temperature is based on the fiber magnitudes, which are provided in the table footnote. Temperatures derived from broad-band colors are prone to errors because of a magnetic field's effect on the continuum opacity and absorption lines, both of which increase in importance with field strength. Values whose uncertainties are estimated to be larger than 1000 K, either because of a strong field or because they lie off the locus in the model 2-color diagram, are flagged by a colon in the table. Derived temperatures span 7,000 K to ∼28,000 K, thus occupying the same range as the bulk of nonmagnetic SDSS DA white dwarfs from Kleinman et al. (2004) , whose temperatures and gravities were derived by line-profile fitting. Unfortunately, the cool white dwarfs that comprise the peak of the white dwarf luminosity function are not targeted by the survey unless they have unusual spectral energy distributions. This selection effect likely contributes to the fact that nearly all of the magnetic discoveries from the SDSS are of DA spectral type.
While the 2-color diagrams are most useful for temperature estimation, the u − g, g − r plot also offers some leverage on the stellar surface gravity through the sensitivity of the u − g color to the Balmer discontinuity (see, e.g., Figure 1 of Harris et al. 2003) . Estimates for log g based on broadband colors are not as accurate as those from the popular method of fitting Balmer-series line profiles (Bergeron et al. 1992) , but the spectroscopic technique is rendered ineffective by the reduction in Stark broadening in strong magnetic fields. Even photometric estimates of log g for the SDSS magnetic examples are interesting as an ensemble because of mounting evidence that the typical magnetic white dwarf has a higher gravity, and is therefore more massive, than its nonmagnetic counterpart (Liebert et al. 2003a and references therein). The 52 stars from Table 2 that can be used for this purpose bear out this effect, with the average gravity, log g = 8.31, being higher than the value of 8.06 that resulted from an application of the spectroscopic method to the 1888 nonmagnetic DA white dwarfs from DR1 ). The comparison is complicated by the facts that the spectroscopic technique seems to show a bias for high gravities below T eff = 10, 000 K (Kleinmann et al. 2004) , and the photometric method is subject to interstellar reddening. Within the SDSS database, the DR2 and DR3 data are uncorrected for galactic extinction and we have not applied any correction of our own in the course of our analysis. By comparison, the colors used in Kleinman et al. (2004) had full Galactic reddening corrections applied. The differences are generally small, with a median E(B − V ) = 0.034 mag (http://www.sdss.org/dr3/algorithms/spectrophotometry.html), but we note that applying reddening corrections to the DR2/DR3 magnetic white dwarf photometry would tend to increase the inferred gravities for stars hotter than 10,000 K, and we would expect to see an even larger difference between the average gravity of the magnetic and nonmagnetic samples. Either of the above mean gravities are larger than the log g = 7.91 found by Bergeron et al. (1992) In light of the above result, SDSS J0933+1022 is a particularly glaring outlier with a gravity estimate of only log g ∼ 6.3. The estimate results from an unusually large u − g color of +0.57, but a low gravity is supported by the lack of detectable wings to the Balmer lines in the survey spectrum shown in Figure 4 . Unfortunately, magnetic effects on the profiles invalidates a determination of the gravity by the spectroscopic method, and in any case that technique exhibits an unexplained, systematic problem with fitting DA stars cooler than about 11,000K, as discussed in Kleinman et al. (2004) . The 1.5 MG polar field strength of SDSS J0933+1022 is weak for a white dwarf, but sufficient to rule out a main-sequence or horizontal-branch nature, while the temperature of 8,500 K eliminates a subdwarf possibility and at the same time accents the lack of an obvious spectral companion. The star shares some similarities with SDSS J1234−0228, which was modeled by Liebert et al. (2004) to have log g = 6.38 ± 0.05 and T eff = 17, 500 K, and interpreted as a helium-composition white dwarf with M = 0.18 − 0.19 M ⊙ resulting from some type of evolution with a yet undiscovered binary companion. However, considering both its surface temperature and gravity, SDSS J0933+1022 perhaps best resembles the companion to the pulsar J1012+5307, estimated by Van Kerkwijk et al. (1996) and Callanan et al. (1998) to have T eff ∼ 8, 600 K and M = 0.16 M ⊙ . The star demands followup study, both to confirm its low gravity and to look for a massive cool white dwarf, very low-mass main-sequence, or dead pulsar companion.
Issues of Completeness
Including the additions from this paper, a total of 40 magnetic white dwarfs were identified in the first 1360 deg 2 of the SDSS released as DR1. This should be compared with only 49 new magnetic stars discovered in the additional 2828 deg 2 covered by DR2 and DR3 (22 discoveries were reported in Paper I). There is actually good reason to believe that our current identification procedures are more effective than the strictly visual method of Paper I, once a spectrum is obtained. The machine selection algorithm is not only far more efficient but also more uniform, and the 3 DR1 stars overlooked in the course of preparing Paper I but recovered here attest to its utility. Of course, the areal density of stars varies with location on the sky, but the considerable discrepancy in discovery rate of magnetic stars suggests that improvements in the photometric reduction pipeline and continued refinement of the QSO targeting criteria have reduced the chance that an interloper is selected for a spectroscopic fiber. Comparison of the locations of magnetic white dwarfs in the SDSS color planes for the DR1 and DR2/DR3 samples reveal no regions populated solely by DR1 objects, but the photometric scatter around the locus is found to be slightly reduced in the later sample for the shorter wavelength filter bands. More direct evidence for a reduction in the number of stellar targetings because of improvements in the QSO targeting criteria is provided by the fact that, of the 8 previously-known magnetic white dwarfs that lie in regions of the sky covered by DR2/DR3, only two -SDSS J1214−0234 = LHS 2534 (reported in Paper I) and SDSS J1351+5419 = SBS1349+5434 -were recovered in the survey. Admittedly, G99-37, HS1412+6115, and GD 185 exceed the brightness limit for a spectroscopic fiber, but the three magnetic DAs LHS 2273 (18 MG), PG 1312+098 (10 MG), and G62-46 (7.4 MG) are all within the limits of the SDSS. None was targeted for spectroscopy. This result should be contrasted with the fact that 5 of the 6 qualifying stars in DR1 were recovered and reported in Paper I.
The implied incompleteness of recent (and forthcoming) editions of the survey raises concerns over the effects that a differential selection bias might have on the derived distributions of magnetic stars as functions of field strength or temperature, and thus on inferences that may be drawn from these distributions. However, the breakdown of new identifications from this paper, per decade of field strength, is: 1−10 MG, 13; 10−100 MG, 11; 100−1000 MG, 3. Within the sampling statistics, these are consistent with the corresponding numbers 23:28:9 for stars from Paper I, and with the distribution shown in Figure 8 of that paper for all 116 magnetic white dwarfs known at the time. The question of completeness for magnetic white dwarfs discovered from the SDSS will be revisited when the survey is concluded.
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